Unlike meconium ileus, such syndromes have no association with cystic fibrosis, and its aetiology remains obscure.3 A specialised type of cell present in the muscle layers of the gastrointestinal (GI) tract called the interstitial cells of Cajal (ICC), are responsible for the maintenance of GI motility. ICC generate pacemaking slow waves of depolarisation in intestinal smooth muscle and are involved in the coordination of the electromechanical activity of the gut.5-7 The tyrosine-kinase receptor c-kit is a specific marker for interstitial cells of Cajal. c-kit and its ligand, the cytokine stem cell factor (SCF), form a trophic system that is required for the development of ICC and the pacemaker component.* Defects of the c-kit/SCF system in mice9J0 and ratsI' precludes ICC development, producing a disorganised digestive motility pattern and failure to thrive. In humans, c-kit immunohistochemistry has been used to study the abnormal distribution of ICC in infantile hypertrophic pyloric stenosis,12-l4 Hirschsprnng's disease,15,16 and in some cases of hypoganglionosis.17 Our hypothesis is that abnormalities of ICC might be involved in some neonates presenting with intestinal pseudoobstrnction. We report two infants with neonatal intestinal pseudoobstruction requiring support with an ileostomy and total parenteral nutrition. A boy born at 27 weeks' gestation, (birth weight, 1.2 kg), presented at the age of 3 weeks with a S-day history of abdominal distension and bile-stained gastric aspirates associated with no passage of stool from birth. Plain abdominal radiography findings demonstrated features of small bowel obstruction with a single large loop of air-filled bowel in the right iliac fossa (Fig 1) . Contrast enema results showed normalcalibre sigmoid and descending colon, but contrast would not pass the splenic flexure. The infant remained symptomatic after this procedure, and a provisional diagnosis of meconium ileus was made. During laparotomy, a distended segment of distal small bowel containing viscid meconium was resected, and a defunctioning Santulli ileostomy was fashioned. The colon appeared macroscopically normal but there was no peristaltic activity. Biopsy specimens taken from the terminal ileum at the time of operation showed the presence of ganglion cells. The stoma functioned after 7 days, but bile-stained aspirates persisted. Oral feeding was not established for 37 days. Stoma closure was performed at a postconceptual age of 42 weeks (postnatal age, 15 weeks) and postoperative recovery was uneventful. Genetic screening results were negative for cystic fibrosis mutations. The patient is now thriving at the age of 6 months on normal nutrition. x-ray at the time of admission was suggestive of a distal colonic obstruction (Fig 2A) . The diagnosis of Hirschspmng's disease (HD) was suspected. A nasogastric tube was passed and parenteral nutrition commenced. Hydrosoluble contrast enema findings ruled out mechanical obstruction and did not show a transitional zone. Rectal suction biopsies demonstrated submucosal ganglionic cells and the absence of hypertrophic nerve fibres after acetylcholinesterase histochemical staining, thus excluding the diagnosis of HD. Subsequent plain x-rays of the abdomen showed an adynamic colon, which retained the contrast medium for 10 days (Fig 2B) . The clinical and biological status of the patient remained otherwise normal. At laparotomy performed 12 days after admission (1 month of age), the right and transverse colon was dilated, and the diameter of the left colon appeared normal. The entire colon remained completely adynamic during the operation. In contrast, strong propagated contractile activity was noted in the small intestine. Biopsy findings demonstrated the presence of mature ganglion cells at all levels. A defunctioning ileostomy was fashioned, and recovery was uneventful with rapid establishment of oral feeding. At the age of 3 months, a barium enema demonstrated colonic peristalsis with rapid elimination of the contrast medium. Manometry demonstrated a normal recta-anal inhibitory reflex. At 6 months of age the ileostomy was closed and biopsy sections taken of small and large bowels. Recovery was uneventful and the patient is well, with normal bowel habits, after over 30 months of follow-up.
MATERIALS
AND METHODS
Case 1
At the time of both operations, longitudinal strips of ileum were fixed in fresh 4% paraformaldehyde in 0.1 mol/L phosphate buffered saline (PBS) at 4°C for 6 hours, then placed overnight in 20% sucrose in PBS at 4°C. The specimens were coated in OCT embedding compound (Miles, Elkhart, IN), snap frozen in isopentane/dry ice and stored at -70°C.
lo-pm cryostat sections were mounted on 1% chrome-alum gel subbed slides, allowed to air dry, and placed in 0.1 mol/L PBS for 5 minutes. Serial sections were subsequently incubated for 12 hours with a mouse monoclonal antibody raised against c-kit, (NCL-&it, 57A5D8, Case 2
Biopsy specimens of the muscular coats at various levels of the colon and small intestine obtained at the time of the two laparotomies were processed simultaneously as described previously.14,'6 Briefly, the specimens were fixed overnight in fresh 4% pamformaldehyde solution in 0.1 mol/L PBS at 4"C, cryopreserved in graded solutions of sucrose (lo%, 20%, 30%; overnight each), properly oriented during embedding in Tissue-Tek OCT compound (Miles), snap-frozen in 2-methyl butane that had been cooled on dry ice, and stored at -80°C.
Longitudinal sections (15 pm thick) were cut on a cryostat, mounted on slides coated with 0.1% percent poly-L-lysine (Sigma, St Louis, MO) and stored at -20°C until use. Immunohistochemistry testing was performed using commercially available kits using the avidin-biotin-complex (ABC) system (Vectastain@ ABC). Different kits were used according to the species of the primary antibodies used. A rabbit polyclonal antiserum raised to a synthetic peptide corresponding to residues 961 to 976 of the human c-kit receptor (SC-39, Santa-Cruz Biotechnology, Santa-Cruz, CA; final dilution, 1:250) and mouse monoclonal antibodies raised against the neuron specific enolase (NSE; M873, DAKO; 5 mg/mL) and the glial marker S-100 (SA2102, Affinity, Nottingham, UK, 1 mg/mL) were used as described previously. 14,16 Sections were first incubated in blocking normal serum for 20 minutes, then incubated with the primary antibody diluted in normal serum for 3 hours, rinsed in PBS for 10 minutes, before incubating with the appropriate secondary antibodies according to suppliers instructions (Vectastain@ABC, Vector, Burlingame, CA). Immunopure@
Metal-enhanced DAB substrate kit (Pierce, Rockford, IL) that produces a brown deposit was used as the chromogenic substrate. No staining was observed when the primary antibodies were omitted. Histochemical staining for NADPH-diaphorase, as a marker for the neuronal isoform of constitutive NO synthase, was performed as previously described.19 The slides were incubated in the dark in a solution of 0.1 mol& Tris HCl buffer containing 1 mmol/L NADPH (Sigma), 0.2 mmoliL Nitro Blue Tetrazolium (Sigma) and 10% dimethylsulfoxide at 37°C for 75 to 90 minutes. Omission of NADPH resulted in the absence of staining. In addition, sections were stained with Mayer's H&E for routine evaluation.
RESULTS

Case 1
H&E preparations showed myenteric ganglion cells and normal muscle layers within the biopsy sections of terminal ileum. PGP9.5 staining confirmed the presence of normally distributed neuronal tissue. c-kit-positive ICC were completely absent from the first laparotomy specimen (31 weeks postconceptional age; Fig 3A) . In the specimen obtained at the time of ileostomy closure, ICC were present in the myenteric plexus, circular and longitudinal muscle, and the inner aspect of circular muscle (42 weeks postconceptional age; Fig 3B) .
Case 2 H&E preparations showed myenteric ganglia with mature neurones and normal muscle layers in all the biopsy results. The distribution of NADPH-diaphorase activity and the distribution of neuronal (NSE immunoreactive) and glial (S-100 immunoreactive) elements was normal. The c-kit antiserum labelled normal-looking ICC in the myenteric plexus of the small intestine and of the colon. ICC were absent in the muscle layers and in the region of the submuscular plexus in the specimen of colon obtained at the time of the first laparotomy, when the colon was adynamic (Fig 4A) . In contrast, in the second set of specimens obtained at the time colonic motility had spontaneously recovered, ICC were observed in the muscle layers and in the submuscular plexus (Fig 4B) . The distribution of ICC in the terminal ileum from both operative specimens appeared normal (not shown).
DISCUSSION
To the best of our knowledge, the correlation of ICC development with gut motility in neonates with pseudoobstruction has not previously been reported. Neonates with idiopathic transient functional obstruction, also labelled meconium syndrome, have been described in the literature, but the aetiology of this disease has remained obscure. Infants with this syndrome are often premature and require prolonged parenteral nutrition, but have a good long-term outcome in terms of enteral functiom4 Our observations suggest that delayed maturation of ICC could be involved in the pathophysiology of the transient gastrointestinal dysmotility seen in such neonates in the absence of other identifiable causes. Lack of ICC has been associated with disturbances of gastrointestinal motility both in animal modelsg-l1 and in human diseases.12-17 Therefore developmental delay of ICC may be implicated in neonatal pseudoobstructive syndromes. In case 1, (premature), ICC were initially absent, whereas in case 2 (at term), ICC were present in the myenteric plexus but absent from in the muscle layers and the submuscular plexus, perhaps reflecting different stages in ICC development.
Despite The interaction between ICC and the enteric nervous system is currently poorly understood. ICC are of mesenchymal origin and have been shown to develop independently of the enteric nervous system (ENS) in avian bowelz2 In human HD, the pattern of ICC in the aganglionic colon is abnormal, although ICC are present in reduced numberI suggesting either that normal ICC development may be dependent on interactions with ganglion cells or that a common cause may produce both the defect in the enteric nervous system and failure in development of ICC as seen in HD. In the two cases reported here, the ENS appeared morphologically normal. However, developmental delay may be related to lack of trophic factors, neural or otherwise.
Developmental delay of ICC in the GI tract may be a new diagnosis to consider when assessing neonates with pseudoobstructive symptoms. Full attention should be given to eliminating all other possible causes of obstruction. Careful pathological evaluation of multiple surgical biopsy specimens is essential to support the diagnosis. The underlying physiopathologic mechanisms remains obscure. With adequate supportive treatment, including surgical intervention where indicated, the prognosis appears excellent. Spontaneous recovery within several weeks or months and a normal long-term GI function could be anticipated.
